In palm oil production, a factory will also generate various wastes, one of them is a liquid waste in large quantities. This liquid waste is quite harmful to the environment around the mill. Therefore, it is necessary to handle this waste seriously. The purpose of this research is to comparatively determine performance and stability of anaerobic fermentation of palm oil mill effluent with heated recycle sludge at various temperatures i.e. 27 -28 (room temperature), 70 and 80 o C. Fresh POME of Aceh Tamiang Palm Oil Factory without additional treatment was fed into the bioreactor. A 2 L-continuous mixed tank bioreactor was operated at 55 o C, closed systems, and intermittent. The hydraulic retention time of all experiments was kept at 10 days. The result concluded that heated recycle sludge significantly affected the performance of the bioreactor mainly on biogas production, TS, and VS, VS degradation rate and COD removal. VS degradation rate could be reached to 70%, COD degradation rate of 84% and 0.78 NL/day of gas generation at a similar temperature (70 o C) of heated recycle sludge.
INTRODUCTION
Palm oil mill effluent (POME), which characterized as concentrated brownish and acidic fluid waste, is the most harmful wastewater for the environment if discharged without treatment 1 . Anaerobic fermentation is believed to be the useful process to treat palm oil mill effluent. Many studies have been carried out with the purpose of controlling the stability and efficiency of the anaerobic process by investigating several parameters such as: recycling the sludge [2] [3] [4] [5] [6] , hydraulic retention time 7 , organic loading rate 8, 9 , pH 10 , trace metals 11 , and nutrient elements 12,13. The main problem that is often encountered in anaerobic digestion of POME is scum formation inside the bioreactor. Scum is a layered solid formed from fat contained in POME derived mostly from various saturated fatty acids 14 . Due to the low density, the scum will float on the surface of the liquid within the bioreactor and will prevent biogas to flow up. Although some previous methods have been carried out with continuous stirring whether at mesophilic [15] [16] [17] or at thermophilic conditions but these are considered to be ineffective in eliminating these scum. Temperature is one of the most significant factors determining the performance and stability of the anaerobic digestion process 18, 19 , because it affects both system heating needs and methane generation. This study was carried out to digest POME by utilizing an anaerobic fermenter at 55 o C. The substrate was stirred in the mixing tank with concentrated sludge which earlier stage separated in a settling tank at 70 o C; then the stirred slurry was flown into the anaerobic fermenter. The present paper aims to comparatively evaluate the performance and stability of anaerobic fermentation of palm oil mill effluent with heated recycle sludge at various temperatures (27 -28, 70 and 80 o C). 
EXPERIMENTAL

Material and Methods
Sample Characterization
Fresh POME that serves as a substrate for this study was obtained from palm oil factory's wastewater treatment unit owned by Aceh Tamiang Palm Oil Factory, Nanggroe Aceh Darussalam, Indonesia. This unprepared substrate was then collected in 12 L uncontaminated vessels and stored at 4.0 o C freezer until the day of the experiment. While, anaerobically digested wastewater which used as inoculum was collected from the anaerobic lagoon of the same factory. The properties of this substrate are described in Table- 1. Table-1 indicates that POME is appropriate for anaerobic fermentation. In this experiment, some auxiliary chemicals were needed to support the digestion process, such as FeCl2 to minimize H2S generation, NiCl.6H2O and CoCl2.6H2O for anaerobic microbial metabolism, and also NaHCO3 was needed to maintain pH of POME in the bioreactor.
Experimental Procedure
Schematic view of the experimental set up of an anaerobic bioreactor for the biogas production is demonstrated in Fig.-1 . The investigate was carried out using two anaerobic bioreactors, according to the bench scale methane fermentation system, EYELA Model MBF 300M, with a capacity of 5 liters each and utilized with a water jacket, valves, and stirrer. This system was also equipped with a data logger (KEYENCE) to record pH and temperature values automatically. Each liter of fresh POME was supplemented with 2.50 g NaHCO3 for pH adjustment and 300 µL of a premixed chemical solution (FeCl2, NiCl.6H2O and CoCl2 .6H2O). This fresh substrate was pumped into the mixing jar every two hours and then mixed with recycling sludge which previously concentrated by settling tank. In mixing tank the mixed waste was heated up to 80 o C and then pumped into a bioreactor which was maintained at 55 o C. The digested slurry was pumped from the anaerobic bioreactor to the settling tank. At the settling tank, the fermented slurries were separated and pumped back to the mixing flask, while the effluent was discharged from the top layer of the settling tank. Fermented slurries were let to gravitate for 360 minutes in a 1 L volumetric tank as an outside settling tank before 25% of the digested slurry was sent back to the bioreactor (Fig-2) . Settling time of 6 hours was determined by performing the initial experiment, where effluent from the bioreactor was put into a 1 L volumetric flask. The experimental result to determine settling time is shown in Fig.-3 . All graphs of sediment percentage in Fig.-3 start to linear after 6 hours. Loading up was performed in accordance with the increased generation of biogas that read by using a biogas meter (SHINAGAWA). If biogas generation increased by 20%, then the loading up was improved by 20% as well, until HRT 10 days was reached and maintained at this value. Amount of biogas production, pH, recycling and effluent of fermented slurry were analyzed every day. Total solid and M-alkalinity of fermented slurry and volatile solid of the substrate were analyzed every 3 days. The concentration of methane in the biogas was analyzed using a GC (SHIMADZU). TS, VS, Malkalinity, and pH value were measured in accordance with standards method for the investigation of water and wastewater by American Public Health Association 20, 22 . 
RESULTS AND DISCUSSION
The anaerobic fermentation performance of palm oil factory effluent with heated recycle sludge was investigated based on the results obtained from the process monitoring. Biogas generation, pH, TS and VS were measured every day, while COD, alkalinity, biogas composition were measured every seven days.
Biogas Production in Bioreactor
Experiment to observe the effect of heated recycle sludge on biogas production was initially conducted by recycling the sludge to mixing tank without heating (Run I), stable data obtained from day 33. Run I ended on the 50 th day and subsequently, the temperature at the mixing tank was raised to 80 o C (Run II). Stable data on Run II began on day 32, and stopped on the 50 th day and continued for experiments at temperature 70 o C. Stable data on Run III began on day 30. Fig.-4 demonstrates the biogas generation in the digestion process with heated recycle sludge at various temperatures. As shown on Fig.-4 , the temperature at the mixing tank has a significant effect on biogas generation, where mixing tanks heated at 70 o C produced higher biogas than without heating. Probably, 70 o C is the appropriate temperature to effectively mix the saturated fatty acids. However, at 80 o C biogas production decreased, it is likely that excessive heating caused these fatty acids to evaporate. The results show that the productivity of methane varied among the different temperatures. The heated recycle sludge at 70 o C produced biogas with a methane content that was higher than that produced at 80 o C and room temperature. According to Choi et al. (2013) , the fermentation process of POME could produce biogas with methane concentration may reach in the range 59.5 -78.2 %. From Fig.-5 , except the heating of mixing tank at 80 o C, all data of methane content in this experiment are still in that range.
Effect of Heated Recycle Sludge on pH and Alkalinity POME obtained from Aceh Tamiang Palm Oil MIll was acidic with pH ranged 4.0 -5.0. For effective anaerobic digestion process, pH values should range between 6.50 -7.50 mg/L 20, 21 . In order to maintain to these ranges, an additional substance such as sodium bicarbonate (NaHCO3) was put into the bioreactor 14 . In the substrate preparation, 2.50 g/l of NaHCO3 was put into the fresh POME. The pH in the bioreactor of all experiments increased in the range of 7.0 -7.5 from an initial value of 4.0. There is no significant effect of heated recycle sludge on the pH change in the bioreactor. Meanwhile, alkalinity values should range between 2,000 to 4,000 mg/L 20 , for effective anaerobic digestion process, this range is intended to neutralize volatile acids (VS). The effect of heated recycle sludge on M-alkalinity for POME fermentation process is shown in Fig.-6 . Similar to the effect on pH, there is no significant effect of heated recycle sludge on alkalinity change, mainly between the heated recycle at 70 and 80 o C. The important thing is alkalinity values are still in the range between the values which still effective for the anaerobic digestion process. As shown in Fig-6 the minimum and the maximum values of alkalinity are 3000 and 4000, respectively. 
Effect of Heated Recycle Sludge on TS and VS
Changes in the TS and VS values in the anaerobic digestion process with various heated recycle sludge need to be observed in order to know the performance of microorganism in the different temperature of return sludge. Effect of heated recycle sludge on TS and VS are presented in Fig.-7 and 8 . As shown in Fig.-7 , total solid of fresh POME reduced significantly from 60,000 mg/L to values in the range 20,000 -40,000 mg/L, this indicates that microorganisms present in the bioreactor worked well to decrease TS at the thermophilic condition. In addition, we can see from Fig-7 that there is a significant effect of heated recycle sludge on TS. Without heating the recycle sludge, TS is in the range 37,000 -42,000 mg/L, which is higher than TS with heated sludge. However, if we notice more detail to Fig-7 , TS line of heated recycle sludge at 80 o C is slightly lower than TS line at 70 o C, which means the function of temperature in heated sludge is not clear yet. A similar trend is also shown in Fig.-8 , where volatile solid of fresh POME reduced significantly from 50,000 mg/L to values in the range 20,000 -30,000 mg/L. Here also, we can see from Fig-8 
VS Degradation Rate
Effect of heated recycle sludge on VS degradation rate is presented in Fig-9 . VS degradation rate without heated recycle sludge is in the range of 40 -59%, while with heated recycle sludge is in the range of 52 -65%. It means, the VS degradation rate of the experiment that the sludge recycled with heating (70 -80 o C) is higher than the one without heating. The reason for the low degradation rate of recycling sludge with no heating treatment may be attributed to the high content of fat. In heated recycle sludge, it is presumed that fat is easily degraded by dispersion effect of high temperature.
Removal of Chemical Oxygen Demand
The beneficial influence of the digested sludge in the expressions of chemical oxygen demand was identified. Table-2 demonstrates the performance of POME fermentation to biogas on each experiment. Without heated recycle sludge, the removal efficiency of chemical oxygen demand was 78%, however, with heated recycle, sludge at 80 o C and 70 o C were 76 and 84%, respectively. This reveals that the temperature at the mixing tank has a significant effect on COD degradation, where mixing tanks heated at 70 o C degraded more COD than without heating. The heated recycle sludge can improve the removal of chemical oxygen demand in anaerobic digestion. 
CONCLUSION
In this study, a high rate of POME decomposition could be achieved by applying the recycle of the waste back to the mixing tank with heating (70 and 80 o C). This could be done even in a high-speed treatment, which in this case was an HRT of 10 days. This study is quite important in order to apply this process to the industries.
